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Major earthquakes can result in more injury and death in a
few days than occur in the course of entire wars (Tables 1 and
2) [1, 2]. Crush injury induced acute renal failure with traumatic
rhabdomyolysis is frequently a major complication when earth-
quakes occur in urban regions with multistory stone or concrete
buildings [3—5]. Collapse of single story and wood frame build-
ings in rural areas usually does not cause crush injury [6—8]. In
situations in which there is extensive crush injury many of the
disaster victims have developed multiorgan failure by the time
relief teams arrive. Thus, it is important to involve critical care
and emergency physicians as well as renal physicians in the
early phases of the relief effort [9, 10].
More than four years have passed since the highly destructive
earthquake in Armenia (December 7, 1988; magnitude 6.9)
[11—22] and more than two years since the equally devastating
earthquake in Iran (June 21, 1990, magnitude 7.1). The lessons
learned from the tragic consequences of these two events and
from the world-wide humanitarian relief response to them have
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stimulated various organizations to initiate new plans to deal
with future natural disasters. The United Nations has desig-
nated the 1990s as the "International Decade for Natural
Disaster Reduction." The World Health Organization and
several international and national agencies have made medical
disaster relief, including dialysis aid, a priority in their future
planning [23].
The International Society of Nephrology Commission on
Acute Renal Failure, in co-operation with the National Kidney
Foundation, has developed a Disaster Relief Task Force con-
sisting of 192 physicians from 43 countries, to deal with
post-disaster dialysis needs. This manuscript describes the
background and action plan of this effort, which now has the
financial support of the Baxter Healthcare Corporation.
Experience in the Armenian earthquake has shown that
poorly organized relief efforts result in a chaotic influx of people
and material which overload available distribution systems and
interfere with the transport of necessary supplies. The conse-
quences can be tragic and constitute a type of "second disas-
ter" [2, 6, 24, 25]. Several physicians who played key roles in
the dialysis response to the Armenian earthquake are now
involved in planning for the organization of future renal disaster
relief operations. One of the authors (A.J.C.) has spearheaded
a proposal for the coordination of international renal disaster
relief efforts in the U.S. As part of this proposal, the directors
of ten dialysis centers in the U.S. have written letters of intent
to participate in a plan whereby their dialysis teams would be
"federalized" in the event of a disaster which required their
assistance. Under this "federalization" plan, the U.S. govern-
ment would be responsible for funding, professional liability,
transportation, cross border entry and exit, intergovernmental
and corporate communications, and equipment support includ-
ing equipment for satellite and mobile communications. An-
other author (N.L.) has developed a similar plan for Europe
which relies on cooperation with the Belgian Air Force.
In connection with these initiatives, the Baxter Healthcare
Corporation has agreed to allow a designated portion of their
inventories of machines and solutions to be considered as
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Table 1. Major earthquakes
Year Location Deaths
856 Corinth, Greece 45,000
1268 Cilicia, Asia Minor 60,000
1290 Hopeh Province, China 100,000
1293 Kamakura, Japan 30,000
1531 Lisbon, Portugal 30,000
1556 Shensi Province, China 830,000
1667 Shemaka, Russia 80,000
1693 Katania, Italy 60,000
1737 Calcutta, India 300,000
1755 Northern Persia (now Iran) 40,000
1755 Lisbon, Portugal 60,000
1759 Baalbak, Lebanon 30,000
1783 Kalabria, Italy 50,000
1797 Quito, Equador 41,000
1828 Echigo, Japan 30,000
1906 San Francisco, California 700
1908 Messina, Italy 75,000
1915 Avezzano, Italy 29,970
1920 Kansu Province, China 200,000
1923 Tokyo-Yokohama, Japan 14,802
1932 Kansu Province, China 70,000
1935 Quetta, India (now Pakistan) 60,000
1939 Chillan, Chile 30,000
1960 Agadir, Morocco 12,000
1962 Iran 10,000
1963 Skopje, Macedonia 1,000
1964 Alaska 131
1968 Iran 11,588
1970 Peru 66,794
1972 Iran 5,374
1972 Managua, Nicaragua 5,000
1974 Pakistan 5,200
1976 Guatemala 23,000
1976 Tangshan, China 240,000
1978 Iran 15,000
1981 Iran 2,500
1980 El Asnam, Algeria 5,000
1980 Italy 3,000
1982 Yemen 1,507
1983 Popayan, Colombia 250
1985 Mexico City, Mexico 7,000
1986 San Salvador, El Salvador 1,200
1987 Napo Province, Equador 300
1988 India/Nepal border 1,015
1988 Yunnan Province, China 730
1988 Armenia, Soviet Union 25,000
1989 Tajikistan, Soviet Union 275
1989 Irian Jaya, Indonesia 90
1989 Northern California 62
1990 Northern Iran 50,000
1990 Philippines 700
1991 Georgia, USSR 150
1991 Costa Rica 125
1992 Turkey 547
1992 Egypt 500
1992 Indonesia 2,200
Source: National Oceanic and Atmospheric Administration [2], U.S.
Department of Commerce (used with permission).
potential stockpiles for use in disaster relief. The corporation
has also agreed to provide technical and transportation support
in the event of future disasters in which the use of their
equipment becomes necessary.
An important facet of the plans being formulated is the
concept of a dialysis advance team, which would accompany
the primary search and rescue teams to assess the need for
Table 2. Wartime losses
Wars
U.S. military
deaths
Warof 1812 2,260
Mexican War 13,283
Civil War
Union Forces 364,511
Confederate Forces 164,821
Spanish American War 2,446
World WarI 116,516
(60,661 Canadian)
World War II 405,399
(42,042 Canadian)
Korean War 54,246
Vietnam War 56,992
Sources: World Book Encyclopedia, and The Canadian Encyclopedia
(used with permission).
dialysis therapy, to evaluate local dialysis capabilities, and to
determine necessary technical information such as local elec-
trical power, water, and mechanical systems [26].
In some instances members of international physician relief
organizations such as Medécins sans Frontières and Meddcins
du Monde, may be able to perform this necessary assessment
and systems evaluation role. In other instances, renal physi-
cians could perform the work of the advance team while
supervising administration of the proper intravenous fluids to
individuals at risk in order to prevent acute renal failure.
The World Health Organization has recently proposed stock-
piling pharmaceutical compounds at key locations around the
world for use in the event of a disaster. Stockpiling of equip-
ment for dialysis relief by agencies other than the manufactur-
ers is probably impractical, but this may be feasible for other
necessary supplies such as ECG and laboratory equipment.
Accurate information regarding the impact of dialysis aid
provided to Armenia is lacking. Crush syndrome occurred in
over one thousand hospitalized patients, and several hundred
were believed to have acute renal failure [2, 14]. Owing to the
lack of relevant laboratory data, it is difficult to know how many
of the patients dialyzed for acute renal failure in Armenia may
have had prerenal azotemia rather than true acute renal failure.
The availability of on-site laboratory support with dry process
technology and portable ECG machines would make for much
better triage of patients in a future disaster situation by more
accurately identifying patients with uremia and life-threatening
hyperkalemia.
The type of dialysis support to be provided in the event of a
disaster is an important consideration. The volume of solutions
required for peritoneal dialysis is considerably greater than that
needed for hemodialysis, thus making transportation more
difficult, and peritoneal dialysis is difficult to use safely under
unhygienic field conditions and in patients with abdominal
wounds because of the possibility of infection. Furthermore,
the corrective effects of peritoneal dialysis on fluid and electro-
lyte abnormalities are inherently slower. Nevertheless, perito-
neal dialysis has considerable potential because it is technically
simpler and is much less dependent on the availability of local
power and water supplies and because it may be initiated
sooner than hemodialysis since it requires less specialized
equipment [27]. Continuous arteriovenous hemodialysis
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(CAVH) with bicarbonate dialysate and continuous arterio-
venous hemofiltration dialysis (CAVHD) also have theoretical
advantages over more conventional forms of dialysis [1, 6, 28,
29]. However, in practical terms dialysis modalities which
require continuous heparinization, large volumes of replace-
ment fluid, and round-the-clock nursing care may be impractical
in many settings.
An equally important part of the planning involves the
incorporation of preventive efforts in the initial provisions of
disaster relief. The issue of prevention of acute renal failure has
been a major focus of investigation for many years and has been
extensively discussed at international symposia and in books
which resulted from them [30, 31]. As Better and Stein have
emphasized [6], if skilled teams are on site early enough, one of
the principal aims in disaster relief should first be to prevent
acute renal failure by immediately replacing volume losses and
then inducing forced mannitol-alkaline therapy. This treatment
requires a minimum of supplies and could ultimately save more
lives than the subsequent use of specialized hemodialysis
equipment when acute renal failure is already well established.
A similar approach to incipient acute renal failure was de-
scribed by one of us (H.E.) as early as 1964 [32, 33].
Planning is also necessary for the follow-up after the acute
relief effort is over. Obtaining detailed feedback about the
impact of relief efforts is difficult because of the inevitable
extraordinary chaos that exists during the aftermath of disas-
ters. However, better international planning of the relief oper-
ation itself should allow for better evaluation of its effects in
terms of reduced morbidity and mortality and for better analysis
of outcome data for use in planning more effective relief in
subsequent disasters. Another consideration is the inevitable
desire of local health care workers for continued use of the
equipment received to improve and expand available facilities.
It is important to provide ongoing technical support and back
up for dialysis machines donated in a disaster situation. Of the
163 dialysis machines donated to Armenia in December 1988,
only 32 were ever used and only 28 were still functioning by
February, 1989 [7, 14, 34, 35]. Little dialysis was initiated by
international teams before the eighth day after the earthquake.
By then many patients had probably already died from renal
failure. In Armenia 32% of those extricated from collapsed
buildings were alive on day 2. By day 5 only 2% were still alive.
Another area of debate in the treatment of crush-injury
victims is related to the release of intracellular potassium and
organic acids from crushed muscles upon decompression. Eu-
ropean disaster-relief experts, drawing on a long tradition of
search and rescue efforts in which physicians are active in the
field, advocate placing tourniquets on trapped limbs and admin-
istering sedatives and analgesics prior to extrication. These
measures are designed to combat the so-called "rescue death
syndrome" in which patients die, apparently from a combina-
tion of hyperkalemia, acidosis, and mental agitation, immedi-
ately after being removed from the rubble [36]. On the other
hand, North American disaster relief experts, following estab-
lished emergency medical practices, avoid tourniquets to im-
prove the chance of preserving the crushed limb and rely to a
greater degree on paramedics rather than physicians to provide
initial care at the disaster site. They avoid analgesia and
sedation to enable the patients to cooperate with medical efforts
and to avoid the complications that arise when narcotic anal-
gesics are dispensed in the midst of the chaos of a major
disaster.
The International Society of Nephrology Commission on
Acute Renal Failure and its Disaster Relief Task Force were
founded in 1989. The first challenge for the new Task Force
came at December of that year, when physicians from two
dialysis units in Romania requested assistance for the injured
during the change of government there. No cases of acute renal
failure resulted directly from wounds sustained during the
revolution in Romania, but there were cases related to sepsis
and multiple organ failure syndromes. Through the efforts of the
ISN Commission, dialysis machines, dialyzers, water purifying
equipment and catheters were supplied with the help of renal
physicians from Australia, Canada, Denmark, Israel, Turkey,
and the United States. This help was essential because at the
time of the revolution there were no functioning dialysis ma-
chines in Bucharest owing to limitations on the importation of
spare parts.
Another challenge was presented by the June 21, 1990
earthquake in Iran. The most effective international relief teams
to arrive on the scene were those from Syria, the former
U.S.S.R., and Japan. The Japanese team (headed by Y.Y.)
arrived on June 24th with six tons of supplies after 33 hours of
flying aboard a commercial aircraft. Three patients with crush
injury-induced acute renal failure were cared for by the Japa-
nese team in their field hospital. Another 200 were transported
to Teheran and dialyzed by Iranian nephrologists (A. Rastegar,
personal communication).
These two events have further stimulated development of the
Disaster Relief Task Force (Table 3). "Key persons" from all
countries with ISN links are being sought to help establish
contacts with in-country governmental and health officials
whose support would be essential in the event of a disaster. A
"call down" list has been established to inform Task Force
members of major earthquakes, starting with notification of
Task Force leaders by the U.S. Geological Survey Earthquake
Center in Denver, Colorado, within two hours of the event.
The Task Force national "key persons" are expected to
establish communications with the Minister of Health and
Minister of State for External Affairs or comparable officials in
their respective countries. The necessity to establish such a link
in identified earthquake regions is being emphasized. For
developed countries likely to respond to disasters elsewhere,
the national key persons have been charged to promote the
development of dialysis response teams, monitoring records of
team membership, passport numbers and other information
necessary for the issuing of visas, establishing agreements with
pharmacies and manufacturers for emergency use of stockpiled
supplies and equipment in the event of a disaster, and fund
raising through contacts with corporations, national societies of
nephrology, and the government to raise funds with which to
support Task Force activities within their country. In the event
of an actual disaster the national key persons have responsibil-
ity in conjunction with Task Force leaders (A.C., H.E.,
V.D.F., N.L., E.K.N., and Y.Y.) and the Chairman of the ISN
Commission (K.S.) for choosing teams to respond, working out
transportation logistics, and communicating with responsible
health and government authorities. In addition to providing
dialysis aid to disaster-stricken underdeveloped countries,
plans are also being developed to deal with interruption of
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Table 3. ISN Commission on ARF Disaster Relief Task Force
(192 physicians from 43 countries)
Cities Task force
Country represented members Primary contact
Argentina 1
Australia 2
Bangladesh 1
Belgium 2
Bolivia I
Brazil 2
Bulgaria I
Canada I
Chile I
China 2
Cyprus I
Czechoslovakia 1
Denmark I
Dominican I
Republic
Ecuador I
Egypt I
Finland 1
France 4
Germany 2
Greece 3
India 3
Israel 7
Italy 2
Japan I
Korea 1
Malaysia 1
Mexico I
The Netherlands 2
Nigeria I
Portugal 2
Singapore 1
South Africa 1
Spain 1
Sweden 1
Switzerland 2
Thailand 1
Turkey 1
UK 2
USA 6
Former USSR I
Uruguay I
Venezuela I
Yugoslavia I
1 Dr. Mario Diaz
2 Dr. Gavin Becker
1 Dr. Matiur Rahman
2 Drs. Norbert Lameire/
Jan Clement
1 Dr. Karin Soto
4 Dr. Sergio Draibe
I Dr. Adriana Anadoliiska
28 Dr. Carl Kjellstrand
1 Dr. Antonio Vukusic
2 Dr. Lu Tan Liao
I Dr. Alkis Pierides
2 Drs. Vojtech Martinek!
Marcel Ruzicka
1 Dr. Hans Erik Hansen
1 Dr. Esther Deluna
1 Dr. Salvador Gustavo
I Dr. El-Hussein El-
Ghoneimy
I Dr. Erkki lampainen
5 Dr. Alain Kanfer
2 Dr. Horst Kierdorf
3 Dr. Menelaos
Papadimitriou
3 Dr. K.S. Chugh
7 Dr. Haskel Eliahou
3 Dr. Bruno di Paolo
5 Dr. Yasuhiro Yamamoto
1 Dr. Han Chul Park
I Dr. M. Segasothy
2 Drs. Rodolfo Zurita-Carillo/
Elvia Garcia-Lopez
2 Drs. Jan Van Der Meulen/
S.O. Hoornbie
I Dr. A.F. Biola Mabadeje
2 Drs. Pedro Ponce/Jaulo
Amorim
1 Dr. Woo Keng-Thye
I Dr. C.R. Swanepoel
I Dr. Fernando Valderrabano
I Dr. Jarl Ahimen
2 Dr. J.P. Wauters
I Dr. Visith Sitpilja
1 Dr. Mehmet Haberal
3 Dr. David Bihari
89 Dr. Allan Collins
1 Dr. V. Fedorov
I Dr. Alicia Petraglia
1 Dr. Pablo Amair
I Dr. Momir Polenakovi
disasters will become largely a thing of the past [38]. The
absence of significant renal failure following the recent earth-
quake in Cairo (R. Barsoum, personal communication) shows
that such preventative measures can be highly effective.
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